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SS Introduction 


Aspect ratios compared 


43 TiV. 


16:9 TV 


21:9 CinemaScope 


The widescreen television picture is in the 
ratio 16 (horizontal) to 9 (vertical), and so 
is wider than conventional television where 
picture ratio is 12:9 - usually described as 
4:3. Television receivers are on sale with 
picture tubes manufactured in the 16:9 
format, and widescreen cameras are 
generally available. Digital services carry 
many programmes in full widescreen. 


Most people agree that the wider picture is 
more pleasing aesthetically, being closer to 
the way the human eye views the world: the 
eye can more easily roam inside the picture 
frame to find detail, and the sense of realism 
is enhanced. 


The cinema industry was there first, moving 
away from the established Academy Format 
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(roughly 4:3, the same as TV) and adopting 
wider picture formats in the 1950s, just as 
television in the USA was becoming popular. 
First were ‘super-wide’ formats like 
CinemaScope (which is 21:9) followed by a 
plethora of others, before settling down to 
formats very close to 16:9. Now television 
broadcasting is set to follow. 


The television widescreen format of 

16:9 is being adopted by broadcasters 
throughout the world, who regard it as the 
format of the future. 


The BBC is committed to widescreen as an 
integral and important part of our digital 
service proposition. 


WE «What is widescreen? 


It is important to understand some of the 
basic technical differences between the 4:3 
television we are familiar with, and 
widescreen television. 


In conventional 4:3 television the ratio of the 
width to the height of a picture is 4:3 no 
matter what size the screen is. 

In widescreen television, this ratio becomes 
16:9. Both kinds of pictures are made up of 
576 lines (out of the transmitted 625 - others 
are used for teletext, etc). 

The difference is that in the widescreen 
version, each line is used to trace a greater 
width of the screen in proportion to height. 


Because a widescreen picture looks 
squashed on a conventional 4:3 screen, the 
signal or recording is often called ‘full height 
anamorphic’ 16:9. 


The only way to generate true widescreen 
pictures of high quality is to use a camera 
specifically designed for widescreen shooting, 
in which the lines are stretched out in the 
camera to match the stretch on the screen. 


A widescreen picture looks squashed on a 4:3 screen - you see ‘tall, thin people’! 


And a 4:3 picture looks stretched on a 16:9 screen 


Os True Widescreen is not a Letterbox 


We often see letterbox transmissions on 
our analogue services, usually for movies. 
But the actual picture is made up of only 
432 lines - the rest of the active lines are 
used up by the black bars top and bottom 
of screen. 


Analogue widescreen sets, now selling in 
rapidly increasing numbers, can blow up the 
letterbox to fill the glass screen. But with 
only 432 lines making up the picture, defini- 
tion is lost: the picture is soft. It is not true 
widescreen. 


True - full height anamorphic - widescreen 
uses all available lines and gives much better 
picture quality, which is why it is used in the 
digital services. 


How analogue 
widescreen works 


Deep (16:9) letterbox as 
seen on 4:3 set 


The same transmission as it 
appears on an analogue 
widescreen set 


The viewer can expand 
picture to fill the screen, but 
with loss of sharpness 


WE Widescreen Simulcasting 


Simulcasting means transmitting a programme 
simultaneously on both the existing analogue 
service and the digital service. Widescreen 
simulcasting means delivering an acceptable 
picture simultaneously both to the analogue 
4:3 viewer and the digital 16:9 viewer. 


Making all our widescreen programmes in 
two versions - one 4:3, the other 16:9 - and 
transmitting them separately would be 
laborious and very expensive. It is not an 
option except in very special circumstances. 
A very few major international sporting 
events offer dual coverage, and the BBC does 
transmit a limited number of widescreen 
movies in separate versions to analogue and 
digital viewers 


So widescreen programmes must be made 
in a way that allows a suitable version to be 
transmitted - from one origination (tape, 
studio or OB) - both to digital viewers with 
widescreen sets and to analogue viewers 
with 4:3 sets. 


Simulcasting in principle 


FORMAT ices ee = ANALOGUE SERVICE 
CONVERTER PRESENTATION 


DIGITAL 7 - , DIGITAL SERVICE 
SERVICE ; 


PRESENTATION 


Full height anamorphic Widescreen 
widescreen origination 


Widescreen (16:9) pictures are meant for 


showing on wide screens: to show them on 
conventional (4:3) screens involves some 


processing of the picture. If no processing takes 


place, the widescreen picture appears squashed 


on the 4:3 screen, distorting images whereby 


people appear to be taller and thinner than 
they really are. 


The necessary processing is carried out by a 


format (or aspect ratio) converter - such as 
the Snell & Wilcox ARC 100 - a specialised 
DVE which gives very high quality conver- 
sions. 


OPTION I 16:9 letterbox 
Showing the whole widescreen picture as a ‘deep’ letterbox 


ADVANTAGES 


For the 4:3 viewer 


Whole of original picture reproduced, 
no compromises necessary in production 


Suits some movie fans 


For the broadcaster 


No compromises necessary in production 


OEE Shoot and Protect for simulcasting 


To transmit from a single source both a 16:9 
widescreen picture to digital viewers, and a 
4:3 picture derived from it to 4:3 analogue 
viewers, this processing - the aspect ratio 
conversion - must be carried out automat- 
ically during playout. 


For this to be possible, programmes must 
be made in such a way that the results are 
acceptable from a single transmission tape 
or studio output. 


There are three main options 


FORMAT 


CONVERTER 


DISADVANTAGES 


For the 4:3 viewer 


Thick black bands top and bottom of the 
screen. Many viewers positively dislike deep 
letterbox, particularly for sport, but true 
generally of all genres 


For the broadcaster 


Many viewers complain vociferously if 
compelled to watch deep letterbox. 


OPTION 2 Centre cut-out 
A ‘Shoot & protect’ technique showing only the centre portion of the widescreen picture 


FORMAT 


CONVERTER 


ADVANTAGES 


For the 4:3 viewer 


Picture fills screen on 4:3 set 


OPTION 3 14:9 Letterbox 
A ‘Shoot & Protect’ technique, a half way house between options | & 2 


DISADVANTAGES 


For the 4:3 viewer 


Edges of original picture missing results in 
poor picture composition if programme is 
‘pure’ widescreen 


For the broadcaster 


Difficult to compose picture satisfactorily for 
viewing on both screen shapes 

If composition is correct for 16:9 then 
important detail is lost at edge of 4:3 screen 
If composition works on 4:3 screen, then large 
areas of ‘waste’ occupy edges of 16:9 picture 


Very difficult for drama, movies or placing of 
full screen graphics. 


ADVANTAGES 
For the 4:3 viewer 


Black bands top and bottom of frame, 
picture loss at edges much reduced. 


Viewer sees most of benefit of widescreen 
picture composition 


For the broadcaster 


Viewer tolerance much greater: broadcaster 
receives very few complaints 


Production for viewing in both full 16:9 and 
14:9 letterbox is much simpler, as compro- 
mises in picture composition are much 
reduced. 


DISADVANTAGES 


For the 4:3 viewer 

Minor: Relate to the few viewers who dislike 
thin black bands 

For the broadcaster 


There are still some compromises required, 
but become minor irritants. 


OE «14:9 ‘Shoot & Protect’ - in more detail 


The 14:9 letterbox compromise for viewing 
widescreen programmes on 4:3 analogue sets 
is widely regarded as the best compromise 


A 14:9 shoot and protect regime for 
widescreen programmes is: 

- better for the viewer, and 

- better for the broadcaster 


The BBC will therefore make most 
widescreen programmes in this ‘shoot & 
protect’ format according to the following 
guidelines. 


Original widescreen picture Appearance on 4:3 sets 


‘shoot & protect’ limits 


New safe areas have been defined, and a simplified diagram is reproduced below. Full details 
of all new safe areas, which cover shoot and protect for 14:9 and 4:3 centre cut-out, as well 
as pure 16:9, now form part of the mandatory Technical Requirements for Digital Television 
Services published by BBC Broadcast and available at: http://www.bbc.co.uk/delivery/ 


16:9 picture edge —e 
14:9 picture edge 


Action safe area 


Graphics safe area 


Special cases 

There are exceptions to the general 14:9 ‘shoot & protect’ rule. Sport is currently protected 
for 4:3 centre cut-out, partly because live feeds are often required for other non-widescreen 
broadcasters, and some movies are seen in analogue in deep (16:9) letterbox. 


es Film shooting and telecine transfer 


Widescreen film formats are already in 
general use, Super! 6mm and 35mm 1.85:1. 
Both are suited to television widescreen 
origination. 


However, in both cases the film image area 
is slightly different from the television | 6:9 
area, which must be allowed for during 
shooting and in telecine transfer. 


In addition, the requirements for 
widescreen television ‘shoot & protect’ 
must also be allowed for during shooting. 


Telecine transfer for transmission should 
produce 16:9 full height anamorphic video- 
tapes. 


Alternatively, full film frame anamorphic 
transfers can be made and the required 
picture area selected and restored to the 
correct geometry in post production using 
an aspect ratio converter. 


14:9 shoot & protect using Super! 6mm film 


Super 16mm film image area 
16:9 picture edge 
14:9 picture edge 
Action safe area 


Graphics safe area 


1.85:1 35mm film image area = 
16:9 picture edge 3 
14:9 picture edge 
Action safe area 


Graphics safe area 


WEE Shooting in widescreen 


Generally, there is perhaps less inclination 
to shoot close with 16:9. The widescreen 
frame allows the eye to select detail, rather 
than have it pointed out by, say,a cut to a 
close-up. For this reason, many directors 
find they are using fewer shots and cutting 
less frequently. Also, the tendency to shoot 
looser helps the 14:9 shoot & protect 
compromise. On the other hand, a drama 
director seeking to maintain pace or a sense 
of claustrophobia may find life rather more 
difficult. 


There are shots which are particularly suited 
to widescreen, and survive the compromises 
of 14:9 shoot & protect very well. 
Landscapes, and wide general views; group 
shots - twos and threes particularly. 


Shots which are less satisfactory are single 
talking heads, but dressing the frame helps. 


Faemtmenan 935 “Sali a] Se" The straight on symmetrical shot, often 
uninteresting in 4:3, can work well in 
widescreen. 


Low camera positions generally work 
better than high angles, the reverse of the 
situation in 4:3. Tracking and hand-held 
shots look good, but excessive camera 
wobble is rather more noticeable in 
widescreen. 


5558 Monitoring 


Production galleries in studios and produc- 
tion areas in OB scanners generally have 4:3 
preview monitors which switch to 16:9 
letterbox when shooting in widescreen. Very 
often there are only two true widescreen 
monitors - for transmission, and switchable 
preview. 

To ensure that the 14:9 shoot & protect is 
working properly (camera framing, cutting 
points, graphics, etc) it is recommended that 
one 4:3 preview monitor situated close to 
the main transmission monitor is 
permanently arranged to show the 14:9 
letterbox for comparison. 


Judgements about the composition of shots 
may be helped if preview monitors and 
camera viewfinders are marked up with 14:9 
picture safe area limits. Some cameras have 
built-in 14:9 graticules. If all else fails,a china- 
graph pencil can be used on the picture tube! 


Editing 


Edits which depend on action at the edge 
of frame may cause difficulties, as the 
programme will be seen by viewers in two 
versions - digital widescreen viewers seeing 
the whole frame, analogue 4:3 viewers 
seeing the 14:9 letterbox with picture loss 
at the edges of frame. 


For fast action, the mismatch is hardly 
noticeable, but with slow movement - the 
slow dramatic appearance of a character at 
edge of frame, for example - finding a 
compromise edit point could be a problem. 


For simulcasting from one origination, there 
is no easy answer. The result will be a 
compromise. For which viewer should you 


For single camera shooting, a small 16” 
widescreen tv set can be used if required, 
again marked up either electronically or by 
chinagraph lines. 


It is recommended that similar dual moni- 
toring - of widescreen picture and 14:9 
letterbox - takes place at every stage during 
post-production. At the very least try to 
ensure that you have one true widescreen 
monitor available. 


Finally, remember that for some reason 
widescreen pictures look better on a 
widescreen tv set than displayed in letterbox 
ona 4:3 set. 


edit ? The widescreen viewer, who will be in 
a minority for maybe five years? Or the 4:3 
analogue viewing majority - watching in 14:9 
letterbox ? 


The judgement can be made only on a case 
by case basis but in the short term and prag- 
matically, cutting for the majority audience 
makes sense, provided the widescreen 
audience sees something reasonably good. 


Fast cutting works less well in widescreen. 
The frame usually contains so much more 
detail that the eye needs a little more time 
to take it all in. 


Making use of 4:3 material, either from the 
archive or from new material where 
widescreen facilities are not available, is a 
challenge that will occur frequently. 
Stretching or squeezing pictures to fit the 
‘other’ format is generally not acceptable 
since the shape of objects will be altered 


Conversion requires the use of a high quality 
aspect ratio converter, like the Snell and 
Wilcox ARC1I00.This is necessary in order 


WEE Using 4:3 picture material in 16:9 programmes 


to ‘stick’ the selected 4:3 picture on to a 
16:9 widescreen black frame, or ‘raster’, 
while keeping objects in the picture the true 
shape. 


This is best done during the edit, and the 
resulting anamorphic material can be cut, 
mixed or wiped with widescreen original 
material. 


Here are some examples. 


|. Using the whole picture 


This inevitably leaves thick black ‘side curtains’ (another term in use is ‘pillarboxing’) This 
may not matter if the material in use is clearly differentiated. For example, an archive- 
based programme may use new interviews shot in widescreen intercut with black and 
white archive shown in ‘pillarbox’: the viewer may accept the change between formats 
as natural. 


Complete programmes, either from the archive or for new programmes where widescreen 
facilities are not available, are transmitted in this form. 


2. Partial expansion 


This is a 14:9 expansion - another half-way house compromise. A surprising number of 4:3 
picture compositions will survive this partial expansion, but beware of graphics - bottom 
third captions will be perilously close to the bottom of frame. 


Using this option, transition between full 16:9 and 14:9 pillarbox is much less noticeable. 


3. Full expansion 


Full expansion usually requires more attention during conversion, using the aspect ratio 
converter to select an appropriate part of the original frame, perhaps by offsetting the 
converter to select the upper or lower part of the frame, or some compromise position 
in between. This process may have to be done shot by shot, and while most shots can 
be made to work, frames carrying graphics may prove difficult. 


If using this option, keep an eye on picture quality which may become poor particu- 
larly if the original material is less than perfect. Also, remember that the 4:3 viewer, 
watching the analogue transmission in 14:9 letterbox, will lose even more of the original 
picture if anything more than the 14:9 expansion is used. 


4. Guidelines 


BBC Broadcast has issued Guidelines for Producers on the use of 4:3 inserts in widescreen 
programmes which, in summary, recommends that 


* 4:3 pictures MUST be processed to fill the widescreen frame as completely as the 
original material allows, bearing in mind the different ways viewers may see the trans 
mitted programme. 


* 4:3 original material carrying a letterbox MUST be expanded at least to fill the height 
of the widescreen frame. 


* The residual side panels left unoccupied by the original picture may, if desired, be 
treated in different ways within certain conditions. 


* Objects in the frame MUST retain their true shape after processing, which can involve 
expansion with a degree of cropping: it is not generally permissible to distort the 
image to fill the 16:9 frame. 


The full guidelines are available in PDF format at http://www.bbc.co.uk/delivery 
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Original 4:3 picture 


Os Versioning for co-producers 


If a co-producer will not accept a 14:9 
letterboxed version for 4:3 transmission, it 
will be necessary to reversion a finished 
programme to derive a variant with picture 
filling the 4:3 frame. 


A complete re-edit, which in the case of a 
programme shot on film might involve a 
second telecine transfer, is an expensive 
option, only justified if the co-producer is 
financing the reversioning costs in full. 


A straightforward option is to go back to 
the finished full-height anamorphic 
widescreen master edit and derive the full 
frame 4:3 version. This can be achieved by 
VT to VT dubbing through a high quality 
aspect ratio converter. In the process, any 
shots which do not work as a 4:3 centre 


Double conversion of 4:3 original material 


cut-out can be pan-scanned - the appro- 
priate 4:3 framing selected from within the 
16:9 frame. This process can be greatly 
eased if, while shooting, care is taken not to 
use simultaneously both sides of the 
widescreen frame for essential action. 
However, it may still be necessary to make 
graphics in two versions, one for widescreen 
protected to 14:9, another for the eventual 
4:3 full frame version. 


The alternative to pan-scan reversioning - 
of shooting for 4:3 centre cut-out right from 
the start - may require much more difficult 
compromises in picture composition, editing, 
and graphic design and is generally not 
recommended, particularly for drama and 
programmes using a lot of graphics. 


If you are using 4:3 material in a widescreen programme, remember to take 
account of the effect in any subsequent 4:3 version. 


Selected area expanded to fill the 16:9 frame 


4:3 centre cut-out from the resulting 
16:9 frame: pan-scanning might 
improve the framing 


If 4:3 is first converted for inclusion into the 16:9 programme and then the whole 16:9 
converted back to 4:3,a double conversion has occurred. The results of this are both loss 
of quality and a reduced area of the original 4:3 frame being seen. So if at all possible go 
back to the original 4:3 material for the 4:3 version of the programme. 


The integration of 4:3 into 16:9 is often done at the final edit using ideally the ARCI00 
or equivalent. At this stage also the 4:3 co-production version can be made from the | 6:9 


master edit. 


Please discuss requirements with your relevant Post Production contact. 


Graphics 


Graphic design for widescreen programmes 
must of course follow the same ‘shoot & 
protect’ rules outlined earlier and with partic- 
ular regard to the ‘safe area’ rules (see page 
8). This will generally mean designing for the 
centre 4:3 area within the widescreen frame, 
and not taking full advantage of the full 16:9 
format. However, since there is less of a 
tendency to crowd the wider 16:9 frame, the 
compromise is generally not too onerous. 


A centred graphic as is appears in 16:9 (left) and 14:9 letterbox (right) 


This effectively requires the design to be 
carried out for the 4:3 frame only, and then 
extending some design elements to the sides 
of the 16:9 frame: these examples were orig- 
inally made for 4:3 programmes, and 
modified for 16:9 to illustrate this point. 


Perey pied 


In this example of a news graphic, the additional areas left and right of frame in the widescreen 
version are featureless, and the result is poor 


Carrying some design features to the edge of the widescreen frame helps 


OO Technical Points - Acquisition 


At the shooting stage, there are two considerations: choice of camera and choice of 
recording format. The following are general notes only. Before booking kit, take advice 


from your resource provider. 


Cameras 

Programmes should be shot with widescreen 
capable cameras which produce a | 6:9 full 
height anamorphic picture . Using 4:3 
cameras and format converting to create a 
widescreen frame will usually cause an unac- 
ceptable loss of quality. 


Cameras which can be switched between 
4:3 and 16:9 formats are made by all the 
major manufacturers and are readily available 
from the main hire companies. Existing 4:3 
format lenses can generally be used with 
these cameras when switched to operate in 
16:9 mode but the widest angle of view will 
be less than that quoted for the lens unless 
an optical adapter is fitted. 


Recorders 

All recording formats are suitable for 
recording widescreen programming. The 
choice of format will be guided by the usual 
considerations of cost, quality and availability.. 
For example you will want to use a higher 
quality format if you need to use CSO/ 
chromakey or multiple generations. Equally 
you might choose one of the other formats 
for technically simple programmes or 
programmes where cost is a prime consid- 
eration. It is always worth considering the 
format to be used carefully. This is best 
discussed with your resource provider. 


The vast majority of single camera shooting 
takes place with camcorders of either the 
dockable or integrated varieties. In most 
cases the quality of the camera output is 
matched to the capability of the recording 
format and the guidance given above for 
recorders should be used when selecting 
camcorder combinations. 


Using consumer DV cameras 
Consumer DV cameras in widescreen 
mode do not produce pictures of good 
enough quality for 

general use, and Broadcast must place 
restrictions on the use of these cameras 
for widescreen production. 


In general, do not use consumer DV 
cameras simply because they are cheaper. 
Because of the way these cameras 
capture and process the picture, the 
camera’s output when switched to 
widescreen contains visible blemishes 
which are likely to be made worse in 
editing and transmission. 


If these cameras are used, improved 
results can usually be obtained by using 
an anamorphic lens. Details and conver- 
sion kits are generally available from 
resource providers. 


The use of consumer DV cameras can 
sometimes be justified for some content 
which could not otherwise be captured, 
for example 


¢ where an unobtrusive camera is 
required for filming intimate and 
delicate material, 


* where concealment is necessary, as in 
some investigative reporting, 


* where there are severe physical 
constraints, like shooting inside an 
aircraft cockpit 


* for special effects 


However, such use should be minimised, 
and should not form the bulk of a 
programme’s content. 


Digital Component Editing 


Digital Betacam suites 
For top end work, offering the fullest facili- 
ties and the best quality. 


Non-linear on and off-line suites 

Rushes can usually be digitised for non-linear 
editing direct from the camera format 
provided the suite is equipped with the 
appropriate player. 


Other digital formats 

Editing on other digital formats, BetacamSX, 
DVCPro and DVC, is becoming available and 
generally can give good quality. But some 
systems have limited features (e.g. number of 
audio tracks, behaviour of time-code). 


Always take advice on post-production 
methods from your contacts in Resources. 
Some combinations of digital post-production 
processes can cause unacceptable picture 
impairments. Knowing what to avoid before 
you begin editing will save time and money in 
the end. 


DELIVERY 


However you have shot or edited your 
widescreen programme, the finished 
product must be delivered to London 
Presentation on Digital Betacam tape, as 
a full height anamorphic recording. 


For live programmes or remote inserts to 
studios, consult your OB Engineering 
Manager or Studio Resources Manager. 


A ‘Delivery and Format Guide’ is issued to 
Production with each widescreen commis- 
sion, and specifies the ‘shoot & protect’ area 
to be used in that production. 


OS Technical Points - Post Production 


PAL recording and editing 


A picture which has been recorded in PAL 
(usually on D3 or on earlier formats 
including |’? and 2” videotape) loses 
sharpness during digital transmission. While 
this is acceptable for archive material - both 
complete programmes and inserts - which 
may only exist in this form, it is not generally 
acceptable for new production. 


However, for an interim period - about two 
years - where full digital facilities are in short 
supply, Broadcast may accept programmes in 
PAL provided no digital alternative is 
available. This also applies to inserts: for 
example an OB contribution for which only 
PAL circuits are available. 


Please liaise with your appropriate Post 
Production contact to discuss your require- 
ments. 


Delivery requirements for Nations and 
Regional presentation playout may differ: 
please seek local guidance 


A detailed document for engineers and facil- 
ities providers, ‘BBC Technical Requirements 
for Digital Television Services’ lists 
mandatory standards for widescreen 
programme delivery to BBC Broadcast, and 
includes detailed safe area diagrams. It is 
available on the internet at 
http://www.bbc.co.uk/delivery/ 


BBC RESOURCES 


Central Contact Number 


London Studios 
Studio Resource Managers 
TSPR Technical Developments 


London OBs 

for multi camera OBs 
Engineering Managers 

for single camera shooting 
Client Managers 


London Post Production & Graphic Design 


Bill Bulford, Technical Manager 


Resources Regions 


Cardiff 
Tony Heasman, Production Co-ordinator 


Bristol 
Nigel Perry, Technical Support Co-ordinator 


Belfast 
Anne Cormican, Production Executive 
Cathy Woods, Production Executive (external) 


Manchester 
Arnold Brown, Broadcast Technology Manager 


Glasgow 


for Single Camera Shooting contact initially 
Catriona Maclean, Planning Assistant 

for Multicamera Studio and OBs 

Stewart Shearer, Engineering Manager 

for Post Production 

Grahame Blair, Resource Co-ordinator 


Birmingham 


Paul Scholes, Co-ordinator Resource Facilities Post Production 


Zz Contacts For further information and advice 


0645 883883 


(0181 57) 64466 
(0181 57) 68181 


(0181 57) 67504 


(0181 57) 69539 


(0181 57) 61566 


(01222 3) 22707 


(01179 7) 46874 


(01232 3) 38723 
(01232 3) 38008 


(0161 24) 44840 


(0141 33 ) 82811 
(0141 33) 82347 


(0141 33) 82340 


0121 414 28444 


Pete Biddell, Co-ordinator Resource Facilities Studios & Location 0121 414 28508 
Centre for Broadcasting Skills Training, Wood Norton 


Tim Wallbank 


BBC PRODUCTION 


SMART Production Widescreen Advice Line 


BBC Training 
lan Wyatt, Executive Producer 
Gareth Watkins, Technical Instructor 


BBC BROADCAST 


Mal Woolford, Widescreen Manager, Channel Management 
Mike Taylor, Technical Advisor, Broadcasting & Presentation 


lan Baker, Head of Technical Strategy 


(01386 4) 20140 


(0181 57) 60776 


(0181 22) 87136 
(0181 22) 87168 


(0181 22) 58736 
(0181 22) 57152 
(0181 57) 60484 


